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(54) Alternator for vehicle 

(57) It is an object of this invention to provide an al- 
ternator for a vehicle in which all electric conductors 
forming bridge portions are suff iciently exposed to cool- 
ing winds so that the cooling performance is remarkably 
improved. It is another object of this invention to provide 
an alternator for a vehicle which is excellent in cooling 
performance, insulating characteristic, arid heat resist- 
ing property. An alternator for a vehicle includes a stator. 
The stator includes an iron core 22, an electric conduc- 
tor 21, and an insulator 23. The electric conductor 21 
forms a winding on the iron core 22. The insulator 23 
provides electric Insulation between the electric conduc- 
tor 21 and the iron core 22. The stator is supported by 
a housing. The dimension of openings of slots in the iron 
core 22 is smaller than the distance between inner side 
surfaces of the slots. The electric conductor 21 has ac- 
commodated portions accommodated in the slots, and 
bridge portions connecting the accommodated portions. 
Pieces of the electric conductor which extend out of the 
slots are approximately separated into a conductor 
groups 21f located on outer radial sides of the slots and 
a conductor group 21 g located on inner radial sides of 
the slots, and form the bridge portions. Predetermined 
gaps are provided between pieces of the electric con- 
ductor in the bridge portions. The bridge portions have 
ridge portions inclined in a same circumferential direc- 
tion in each of the outer radial side and the inner radial 



side, and top portions connecting the ridge portions 
along an axial and radial direction. 

FIG. 1 
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Description 

[0001] This invention relates to an atternator for a ve- 
hicle such as a passenger automotive vehicle or a truck. 
[0002] There have been various proposals to provide 
small-size high-power alternators for vehicles. 
[0003] Japanese published unexamined patent appli- 
cation 6-46550 discloses a way of improving the power 
generation performance which uses a permanent mag- 
net. 

[0004] To meet demands for downsizing, it is neces- 
sary to use a small-size cooling fan in an alternator. The 
rate of air flow generated by the small-size cooling fan 
is relatively low. On the other hand, a high-power alter- 
nator generates an increased rate of heat. Thus, a high- 
power alternator with a small-size cooling fan tends to 
have the problem of a temperature rise. 
[0005] Accordingly, to provide a small-size high-pow- 
er alternator, it is necessary to remove the problem of a 
temperature rise. Especially, it is necessary to imple- 
ment effective heat radiation from electric conductors in 
a power generating stator under the size restrictions. 
[0006] Japanese published unexamined patent appli- 
cation 7-1 94060 discloses that water having a high heat 
radiation efficiency is used as coolant for an alternator. 
The alternator in Japanese application 7-1 94060 needs 
pipings for the cooling water, and a water jacket in the 
alternator body. Accordingly, the alternator in Japanese 
application 7-194060 tends to be heavy and large in 
size. Thus, the alternator in Japanese application 
7-194060 does not meet demands for downsizing. 
[0007] General prior-art air-cooling techniques have 
a step of decreasing the temperature of coil end portions 
of electric conductors in a stator. The coil end portions 
are also referred to as the bridge portions. 
[0008] Japanese published examined patent applica- 
tion 4-24939, Japanese published unexamined patent 
application 63-59744, Japanese published examined 
utility model application 1-27406, and Japanese pub- 
lished unexamined patent application 57-132743 dis- 
close improvements on bridge portions. 
[0009] According to these prior-art air-cooling tech- 
niques, pieces of 1 an electric conductor which form 
bridge portions are arranged so that winds can efficient- 
ly flow therebetween and improved heat radiation can 
be attained. In the prior-art air-cooling techniques, 
bridge portions of electrical conductive wires are partial- 
ly spaced from each other, and are in a flat and regular 
arrangement as a whole. In the prior-art air-cooling tech- 
niques, the bridge portions interfere with paths for cool- j 
ing winds, and hence offer great resistances to the cool- 
ing winds. An impregnation agent for fixing the bridge 
portions covers the surfaces thereof, and provides an 
increased resistance to the cooling winds. Accordingly, 
the prior-art air-cooling techniques are poor in cooling i 
performance. 

[0010] In a general prior-art structure, an electric con- 
ductor in a stator is coated with an insulating film, and 



an impregnation agent for fixing the electric conductor 
is applied onto the insulating film. It is well-known that 
the insulating film considerably deteriorates the heat ra- 
diation from the electric conductor. Since sufficient in- 
s sulation is necessary, it is impractical to remove or thin 
the insulating film. 

[0011] In a prior-art structure, the heat resisting prop- 
erty (the allowable temperature) of electric conductors 
coated with insulating layers is decided by the heat-de- 

10 terioration temperature of the insulating layers in a re- 
gion where the electric conductors overlap each other. 
Thus, it is difficult to improve the heat resisting property 
(the allowable temperature). 
[0012] This invention has been carried out in view of 

is the above-mentioned problems. 

[0013] It is an object of this invention to provide an 
alternator for a vehicle In which all electric conductors 
forming bridge portions are sufficiently exposed to cool- 
ing winds so that the cooling performance is remarkably 
20 improved. 

[0014] It is another object of this invention to provide 
an alternator for a vehicle which is excellent in cooling 
performance, insulating performance, and heat resist- 
ing property. 

*5 [0015] In orderto attain the above-mentioned objects, 
this invention is designed as follows. 
[0016] Accordingto claim 1 , pieces of an electriccon- 
ductor in bridge portions are spaced from each other, 
and insulating layers in the bridge portions are thinner 

30 than insulating layers in accommodated portions placed 
in slots. 

[0017] According to claim 2, electric insulating mem- 
bers are provided between the accommodated portions 
of the electric conductor and a core, and provide electric 

35 insulation between the accommodated portions of the 
electric conductor and the core. On the other hand, piec- 
es of the electric conductor in the bridge portions are 
spaced from each other to provide electric insulation be- 
tween the pieces of the electric conductor in the bridge 

40 portions. 

[0018] According to claim 3, the bridge portions of the 
electric conductor are smaller in cross-sectional area 
than the accommodated portions of the electric conduc- 
tor. 

15 [0019] According to claim 4, the bridge portions of the 
electric conductor are spaced from each other by a dis- 
tance of 0.5 mm or more, and are electrically insulated 
from each other. 

[0020] According to claim 5, a cooling fan is disposed 
*o at least at one axial end of the rotor opposing the stator. 
[0021] According to claim 6, the bridge portions of the 
electric conductor have first portions and second por- 
tions, the first portions extending and inclining in circum- 
ferential directions, the second portions extending in ra- 
5 dial directions. In addition, axial -direction positions of 
the second portions are in an axial-direction range 
where the cooling fan is present. 
[0022] In claim 7, FT > r ^ R > r* for at least one side 
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of the stator and the rotor, where R denotes a radial- 
direction inside diameter of the bridge portions of the 
electric conductor, and R' denotes an inside diameter of 
the iron core, and r denotes a pole core outside diameter 
of the rotor, and r 1 denotes an outside diameter of the 
cooling fan. 

[0023] According to claim 8, the electric conductor 
comprises a plurality of approximately U-shaped seg- 
ments having straight portions inserted into the slots, 
and one side surface of the iron core is formed by turn 
portions of the U-shaped segments. In addition, the 
straight portions are uniformly arrayed and accommo- 
dated in said slots. 

[0024] According to claim 9, the insulating layers com- 
prise insulating cover films on the electric conductor, 
and fixed insulating films formed by an impregnation 
process, and the bridge portions have only theinsulatlng 
cover films or the fixed Insulating films. 
[0025] According to claim 1 0, the insulating layers are 
absent from the electric conductor in the bridge portions. 
Thus, the electric conductor is naked metallic members 
at the bridge portions. 

[0026] In the invention of claim 1 , pieces of the electric 
conductor in the bridge portions are spaced from each 
other, and the insulating layers in the bridge portions are 
thin. Therefore, the heat radiation from the surfaces of 
the electric conductor is remarkably improved, and a 
rise in the temperature of the electric conductor can be 
effectively suppressed. Thus, the heat deterioration of 
the insulating layer is suppressed. Since the pieces of 
the electric conductor in the bridge portions are spaced 
from each other, it is possible to improve both the heat 
resisting property (the allowable temperature) and the 
insulating performance related to the electric conductor. 
[0027] In the Invention of claim 2, electric insulating 
members are provided between the accommodated 
portions of the electric conductor and the core of said 
stator, and provide electric insulation between the ac- 
commodated portions of the electric conductor and the 
core. On the other hand, pieces of the electric conductor 
in the bridge portions are spaced from each other to pre- 
vent the pieces of the electric conductor in the bridge 
portions from interfering with each other and also to pro- 
vide electric insulation between the pieces of the electric 
conductor in the bridge portions. 
[0028] In the invention of claim 2, the insulating per- 
formance related to the accommodated portions is re- 
markably improved. In addition, it is possible to suffi- 
ciently stand a mechanical stress during the insertion of 
the electric conductor. Although the insulating layers on 
the bridge portions are thin, it is possible to provide suf- 
ficient electric insulation. 

[0029] In the invention of claim 3, the bridge portions 
of the electric conductor are smaller in cross-sectional 
area than the accommodated portions of the electric 
conductor. To implement the spaced bridge portions, the 
bridge portions are made smaller in cross-sectional area 
than the accommodated portions. Pieces of the electric 



conductor in the bridge portions are spaced from each 
other by gaps corresponding to the cross-sectional area 
difference. 

[0030] Thereby, the pieces of the electric conductor 
5 in the bridge potions can be spaced from each other 
without making the envelope dimensions (the axial-di- 
rection dimension and the radial-direction dimension) of 
the bridge portions greater than those in a prior-art struc- 
ture. Thus, it is possible to provide a small-size high- 
10 power alternator for a vehicle. 

[0031] In the invention of claim 4, the bridge portions 
of the electric conductor are spaced from each other by 
a distance of 0.5 mm or more. In this case, the electric 
insulation is practically sufficient, and effective heat ra- 
7£ diation is available. 

[0032] In the invention of claim 5, a cooling fan Is pro- 
vided on at least one of two ends of the rotor In an axial 
direction. A flow of cooling air which is generated by the 
cooling fan meets the bridge portions of the electric con- 

20 ductor. Therefore, it is possible to effectively suppress 
a rise in the temperature of the electric conductor. 
[0033] In the invention of claim 6, the bridge portions 
of the electric conductor have first portions and second 
portions, the first portions extending and inclining in cir- 

25 cumferential directions, the second portions extend- 
ing'in radial directions. A cooling wind generated by the 
cooling fan is directed from the central axis toward a ra- 
dially outward area. Therefore, the bridge portions of the 
electric conductor which extend in radial directions are 

30 efficiently exposed to the cooling wind. Thus, the bridge 
portions which extend in the radial directions serve as 
efficient cooling fins (efficient heat radiation fins). The 
bridge portions forming the cooling fins are located in 
an axial-direction range where the cooling fan is 

35 present, and thereby the cooling wind generated by the 
cooling fan surely meets the cooling fins. 
[0034] The above-mentioned improvements on the 
electric conductor on the stator enable the invention of 
claim 7 in which the outside diameter r* of the cooling 

40 fan is smaller than the pole core outside diameter r of 
the rotor. Thus, the cooling fan has a smaller diameter. 
Therefore, the fan noise can be reduced, andthecooling 
fan is subjected to a reduced centrifugal force. The cool- 
ing fan can be made of a thin and inexpensive member. 

45 Since the outside diameter r* of the cooling fan can be 
smaller, the radial-direction inside diameter R of the 
bridge portions can be smaller. As a result, the radial- 
direction outside diameter of the bridge portions can be 
decreased. Thus, it is possible to reduce the outside di- 

50 ameter of the frame (the housing) which supports the 
stator and the rotor. Accordingly, the miniaturization of 
the alternator for the vehicle can be implemented. 
[0035] In the invention of claim 8, the electric conduc- 
tor includes a plurality of approximately U-shaped seg- 

55 ments. Thus, it is easy to process the electric conductor 
into a desired shape. The U-shaped segments can eas- 
ily be inserted into the slots in the stator while the bridge 
portions are separated from each other. Thus, it is pos- 
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sibie to remarkably reduce a manufacture cost. 
[0036] In the invention of claim 9, the Insulating layers 
are thinner. Thus, it is possible to further improve the 
heat radiation from the surfaces of the electric conduc- 
tor. Accordingly, it is possible to effectively suppress a ; 
rise in the temperature of the electric conductor. 
[0037] In the invention of daim 10, the electric con- 
ductor in the bridge portions is exposed to the cooling 
wind. Thus, it is possible to further improve the heat ra- 
diation from the surfaces of the electric conductor. Ac- i 
cordingly, it is possible to effectively suppress a rise in 
the temperature of the electric conductor. 
[0038] Fig. 1 is a sectional view of an alternator for a 
vehicle according to a first embodiment of this invention. 
[0039] Fig. 2 is a perspective view of an electric con- h 
ductor on a stator in the alternator of the first embodi- 
ment of this invention. 

[0040] Fig. 3 Is a sectional view of the stator in the 
alternator of the first embodiment of this invention. 
[0041] Fig. 4 are views of the stator in the alternator 2t 
of the first embodiment of this invention. 
[0042] Fig. 5 is a diagram showing the relation among 
the temperature of an electric conductor, the magnitude 
of the gaps between pieces of the electric conductor, 
and the degree of insulation. 2s 
[0043] Fig. 6 is a diagrammatic view of a stator in an 
alternator for a vehicle according to a second embodi- 
ment of this invention. 

[0044] Fig. 7 is a perspective view of an electric con- 
ductor segment used in a winding on a stator in the al- 30 
ternator of the second embodiment of this invention. 
[0045] Fig. 8 is a sectional view of the stator in the 
alternator of the second embodiment of this invention. 
[0046] Fig. 9 is a perspective view of the stator in the 
alternator of the second embodiment of this invention. 3s 
[0047] Fig. 10 is a perspective view of electric con- 
ductor segments used in a winding on a stator in an al- 
ternator for a vehicle according to a third embodiment 
of this invention. 

[0048] Fig. 11 is a sectional view of the stator in the 40 
alternator of the third embodiment of this invention. 
[0049] Fig. 12 is a perspective view of the stator in the 
alternator of the third embodiment of this invention. 

First Embodiment 45 

[0050] With reference to Figs. 1 to 5, an alternator 1 
for an automotive vehicle according to a first embodi- 
ment of this invention includes a stator 2, a rotor 3, a 
housing 4, and a rectifier 5. The stator 2 serves as an so 
armature. The rotor 3 generates a magnetic field. The 
housing 4 supports the stator 2 and the rotor 3. The 
housing 4 is also referred to as the frame 4. The rectifier 
5 is directly connected to the stator 2. The rectifier 5 con- 
verts alternating current power into direct current power. 55 
[0051] The rotor 3 rotates together with a shaft 31. 
The rotor 3 includes a pair of Lundel-type pole cores 32, 
cooling fans 33, a field coil 34, and slip rings 35. 



[0052] The shaft 31 is connected to a pulley, being ro- 
tated and driven by an engine (not shown) mounted on 
the automotive vehicle for powering the same. 
[0053] The housing 4 has outlets 41 for cooling winds 
» which extend in areas opposing electric-conductor 
bridge portions 21 b of the stator 2. The housing 41 has 
end faces in an axial direction which are formed with 
inlets 42 for cooling winds. 

[0054] The stator 2 includes an electric conductor 21 , 
o an iron core 22, and an insulator 23. The electric con- 
ductor 21 forms a winding on the iron core 22. The in- 
sulator 23 provides electric insulation between the elec- 
tric conductor 21 and the iron core 22. The stator 2 is 
supported by the housing 4. The iron core 22 is of the 
> multiple-layer type in which thin steel plates are lami- 
nated. The Iron core 22 has inner circumferential sur- 
faces formed with a plurality of slots 24. Side surfaces 
of the slots 24 are approximately parallel to each other. 
The dimension of the open ends of the slots 24 is smaller 
' than the distance between the side surfaces thereof. 
[0055] The electric conductor 21 has accommodated 
portions 21a and bridge portions 21b. The accommo- 
dated portions 21 a are placed in the slots 24. The bridge 
portions 21 b connect the accommodated portions 21 a. 
Segments of the electric conductor 21 which extend 
from the slots 24 are approximately separated into a 
conductor group 21 f located on outer radial sides of the 
slots 24 and a conductor group 21 g located on inner ra- 
dial sides of the slots 24. The conductor groups 21 f and 
21 g compose the bridge portions 21b. Adjacent conduc- 
tor pieces in the bridge portions 21b are spaced from 
each other by a predetermined gap or a predetermined 
clearance. Each of the bridge portions 21b has two ridge 
portions 21 b-1 , and a top portion 21 b-2 connecting the 
ridge portions 21 b-1 along an axial and radial direction. 
The ridge portions 21 b-1 are inclined in a same circum- 
ferential direction in each of the outer radial side and the 
inner radial side. 

[0056] As shown in Fig. 2, conductor pieces in the 
bridge portions 21 b are thinner than the accommodated 
portions 21 a. In other words, the conductor pieces in the 
bridge portions 21 b are smaller in cross section than the 
accommodated portions 21a. 
[0057] In the embodiment of this invention, theelectric 
conductor 21 can be formed by drawing parts of a cir- 
cular-cross-section wire coated with an insulating film, 
and thereby providing variations in the wire diameter. 
[0058] The insulator 23 has a shape such as shown 
in Fig. 3. In the embodiment of this invention, the insu- 
lator 23 uses a high heatproof film made of material con- 
taining, for example, mica. 

[0059] The portions of the electric conductor which 
are accommodated in the slots 24 are subjected to an 
impregnation process to more firmly fix the positional re- 
lations among the iron core 22, the insulator 23, and the 
pieces of the electric conductor 21 . Thus, the pieces of 
the electric conductor 21 in the slots 24 are surrounded 
by an impregnation agent 26. The impregnation agent 
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26 forms a part of an insulating layer covering the elec- 
tric conductor 21 in the slots 24. Accordingly, the thick- 
ness of the insulating layers on the accommodated por- 
tions in the slots 24 is greater than the thickness of the 
insulating layers on the bridge portions by a value cor- 
responding to the impregnation agent 26. 
[0060] The stator winding has th ree phases provided 
with phase ends 25. Regarding each of the three phas- 
es, a first end thereof is extended along an axial direc- 
tion, and is electrically connected to an electrode 53 of 
a rectifying diode 53 in the rectifier 5. Second ends of 
the three phases are connected as a neutral point. 
[0061 ] An explanation will be given of the advantages 
provided by the embodiment of this invention. According 
to the embodiment of this invention, in the bridge por- 
tions of the electric conductor, the direction of the incli- 
nation of the ridge portions In the conductor group locat- 
ed in the outer radial side can be equal to the direction 
of the inclination of the ridge portions in the conductor 
group located in the inner radial side. Thus, it is possible 
to prevent the conductor group in the outer radial side 
and the conductor group in the inner radial side from 
overlapping and interfering with each other. As shown 
in Fig. 2, pieces of the electric conductor in the bride 
portions 21b are thinner than the accommodated por- 
tions 21a of the electric conductor. Therefore, it is easy 
to provide predetermined gaps between adjacent piec- 
es of the electric conductor for electric insulation. Even 
in the case where such predetermined gaps are actually 
provided, there is the advantage that the envelope di- 
mensions (the axial-direction dimension and the radial- 
direction dimension) as a whole of the bridge portions 
of the electric conductor can be equal to or smaller than 
those in a prior-art structure. 

[0062] In the embodiment of this invention, the gap 
(the spacing) between the pieces of the electric conduc- 
tor in the bridge portions is set to, for example, about 
0.5 mm. Fig. 5 shows the relation among the tempera- 
ture of the electric conductor, the magnitude of the gaps 
between the pieces of the electric conductor, and the 
degree of the insulation which is obtained by various ex- 
perimental tests. It is shown in Fig. 5 that gaps of 0.5 
mm or more suffice for insulation and cooling. On the 
other hand, gaps of less than 0.5 mm cause increased 
resistances to cooling winds through the regions be- 
tween the pieces of the electric conductor, thus hardly 
providing an adequate cooling performance. In the case 
of gaps of less than 0.5 mm, the affections of a variation 
in the temperature of the electric conductor and a vibra- 
tion caused by the engine make it difficult to provide suf- 
ficient insulation. Thus, it is preferable to set the gaps 
to about 0.5 mm. 

[0063] In the embodiment of this invention, the insu- 
lating layer covering the electric conductor 21 is thin so 
that the heat radiation from the electric conductor 21 is 
improved. Pieces of the electric conductor 21 in the ac- 
commodated portions 21 a are sufficiently electrically in- 
sulated from the iron core 22 of the stator 2 by the insu- 



lator 23. Pieces of the electric conductor 21 in the bridge 
portions 21b are prevented from interfering with each 
other. The pieces of the electric conductor 21 in the 
bridge portions 21 b are spaced from each other, and are 

s hence electrically Insulated from each other. 

[0064] Since the insulating layer covering the electric 
conductor 21 is thin, the heat radiation from the surfaces 
of the bridge portions of the electric conductor 21 is re- 
markably improved. Thus, it is possible to effectively 

10 suppress a rise in the temperature of the electric con- 
ductor 21 in the stator 2. 

[0065] Therefore, the heat deterioration of the insulat- 
ing layers is suppressed. Since the pieces of the electric 
conductor 21 in the bridge portions are spaced from 

*5 each other, it is possible to improve the heat resisting 
property (the allowable temperature) of the electric con- 
ductor 21 and the insulating performance. 
[0066] In the embodiment of this invention, the insu- 
lating layers are made of the high heatproof material. 

20 Accordingly, the heat resisting property (the allowable 
temperature) of the stator 2 is remarkably improved. 
[0067] In the embodiment of this invention, the cooling 
fans 33 are provided on the ends of the rotor 3 in the 
axial direction. The cooling fans 33 are of the built-in 

25 type or the inner type. The housing 4 has the outlets 41 
which extend in the areas opposing the electric-conduc- 
tor bridge portions 21b. Accordingly, cooling air flows 
from the central axis toward the outlets 41 of the housing 
4 through the gaps between the electric-conductor 

30 bridge portions 21b along the radially outward direc- 
tions. Since the pieces of the electric conductor 21 in 
the bridge portions 21 b are spaced from each other, the 
surfaces of the pieces of the electric conductor 21 are 
surely exposed to the cooling winds. Thus, it is possible 

55 to improve the cooling performance. The cooling air en- 
ables a sound wave to be repetitively reflected and ab- 
sorbed in the regions around the pieces of the electric 
conductor 21 . Accordingly, noise sound is remarkably 
reduced. 

40 [0068] The tops of the electric-conductor bridge por- 
tions 21 b have shapes extending along the directions of 
flows of the cooling air. The cooling fans 33 are in axial 
positional agreement with the tops of the electric-con- 
ductor bridge portions 21 b. Accordingly, the tops of the 

45 electric-conductor bridge portions 21 b serve as effective 
heat radiation fins. Thus, It is possible to further improve 
the cooling performance. 

[0069] As previously explained, the embodiment of 
this invention makes it possible to remarkably improve 
so the cooling performance related to the electric conduc- 
tor 21 . Since the pieces of the electric conductor 21 in 
the bridge portions 21 b are spaced from each other, re- 
sistances to the cooling winds can be greatly decreased. 
Thus, it is possible to miniaturize the cooling fans 33 or 
55 to decrease the diameter of the cooling fans 33. The 
small-size fans 33 generate reduced fan noise. The 
small-size fans 33 are subjected to decreased centrifu- 
gal forces. The small-size fans 33 can be made of a thin 
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and inexpensive member. In accordance with a reduc- 
tion in the size of the cooling fans 33, the outside diam- 
eter of the electric-conductor bridge portions 2 1 b can be 
decreased. Thus, it is possible to reduce the outside di- 
ameter of the frame {the housing) 4 which supports the t 
stator 2 and the rotor 3. Accordingly, the miniaturization 
of the alternator 1 for the vehicle can be implemented. 

Second Embodiment 

1\ 

[0070] Figs. 6 to 9 show a stator 6 in an alternator for 
an automotive vehicle according to a second embodi- 
ment of this invention. 

[0071] The stator 6 includes electric conductor seg- 
ments 61, an iron core 62, and an insulator 63. The elec- « 
trie conductor segments 61 compose a winding on the 
iron core 62. The Insulator 63 provides electric Insulation 
between the electric conductor segments 61 and the 
iron core 62. 

[0072] The winding is composed of the electric con- 2C 
ductor segments 61 which are electrically connected. 
The winding includes turn portions 61 d and connected 
portions 61 e. The turn portions 61 d are located on one 
side of the iron core 62 in an axial direction. The con- 
nected portions 61 e are located on the other side of the 2s 
iron core 62 in the axial direction. 
[0073] The electric conductor segments 61 have ac- 
commodated portions 61 a and bridge portions 61 b. The 
accommodated portions 61a are placed in slots 64 in 
the iron core 62. The bridge portions 61b connect the 30 
accommodated portions 61a. Adjacent bridge portions 
61b are spaced from each other by a predetermined gap 
or a predetermined clearance which can provide electric 
insulation. The bridge portions 61b have ridge portions 
61b-1 and top portions 61b-2. The ridge portions 61b-1 35 
are inclined in a same circumferential direction in outer 
layers and inner layers. The top portions 61 b-2 connect 
the ridge portions 61b-1 in an axial and radial direction. 
The top portions 61 b-2 form the turn portions 61 d and 
the connected portions 61 e. 40 
[0074] As shown in Fig. 7, the bridge portion 61b of 
each electric conductor segment 61 has stepped por- 
tions 61c. Thus, the cross-sectional area of each bridge 
portion 61b is smaller than that of each accommodated 
portion 61a. 45 
[0075] Each of the electric conductor segments 61 Is 
made of a bare metal member Each of the electric con- 
ductor segments 61 may be made of a metai member 
coated with an insulating film. Generally, the electric 
conductor segments 61 are formed by, for example, a 50 
pressing process. Thus, it is possible to reduce a mate- 
rial cost and a processing cost. 
[0076] As shown in Fig. 8, the insulator 63 has an ap- 
proximately S shape in order to provide insulation be- 
tween the electric conductor segments 61 and the iron 55 
core 62, and insulation between the electric conductor 
segments 61 in each of the slots 64 in the iron core 62. 
In the embodiment of this invention, the insulator 63 us- 



es a high heatproof film made of material containing, for 
example, mica. 

[0077] The portions of the electric conductor which 
are accommodated in the slots 64 are subjected to an 

> impregnation process to more firmly fix the positional re- 
lations among the iron core 62, the insulator 63, and the 
electric conductor segments 61 . Thus, the electric con- 
ductor segments 61 in the slots 64 are surrounded by 
an impregnation agent 66. The impregnation agent 66 

* forms a part of an insulating layer covering each of the 
electric conductor segments 61 in the slots 64. Accord- 
ingly, the thickness of the insulating layers on the ac- 
commodated portions 61 a in the slots 64 is greater than 
the thickness of the insulating layers on the bridge por- 

» tions 6 1 b by a value corresponding to the impregnation 
agent 66. 

[0078] The winding on the stator 6 is formed as fol- 
lows. U-shaped electrically-conductive segments 61 are 
prepared which have approximately equal shapes. As 
1 shown in Fig. 7, each of the U-shaped segments 61 has 
an outer-layer-side conductor portion 61 f, an inner-lay- 
er-side conductor portion 61 g, and a conductor turn por- 
tion 61 d. The U-shaped segments 61 are arranged with 
respect to the iron core 62 so that the turn portions 61 d 
will align with each other on one side of the iron core 62 
in the axial direction. The U-shaped segments 61 are 
inserted into the slots 64 in a manner such that the outer- 
layer-side conductor portions 61 f are located in outer 
areas of the slots 64 while the inner-layer-side conduc- 
tor portions 61 g are located in inner areas of the slots 
64. For example, each of the U-shaped segments 61 is 
formed by bending a copper plate and pressing it into 
an approximately U shape. The U-shaped segments 61 
are pressed into the slots 64 so that the outer radial side 
surfaces and the inner radial side surfaces of the ac- 
commodated portions 61 a will engage the side surfaces 
of the slots 64 via the insulators 63. 
[0079] Then, the ends of the outer-layer-side conduc- 
tor portions 61 f remote from the turn portions 61 d are 
bent toward a first circumferential direction while the 
ends of the inner-layer-side conductor portions 61 g are 
bent toward a second circumferential direction opposite 
to the first circumferential direction. Subsequently, the 
ends of the U-shaped segments 61 are connected so 
that the electric conductor segments 61 in each com- 
mon phase will be electrically connected together. 
[0080] An explanation will be given of the advantages 
provided by the embodiment of this invention. According 
to the embodiment of this invention, in the bridge por- 
tions of the electric conductor, the direction of the incli- 
nation of the ridge portions located in the inner layer side 
can be equal to the direction of the inclination of the ridge 
portions located in the outer layer side. Thus, in each of 
the inner layer side and the outer layerside, it is possible 
to prevent the ridge portions from interfering with each 
other. 

[0081] As shown in Fig. 7, the electric-conductor 
bridge portions have the stepped portions 61c. Thus, 
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sufficient gaps can be provided and the ridge portions 
of the electric conductor can be prevented from interfer- 
ing each other even in regions where the inner-layer- 
side and outer-layer-side ridge portions are inclined and 
are adjacent to each other as crosses while the enve- s 
lope dimensions (the axial-direction dimension and the 
radial-direction dimension) of the bridge portions of the 
electric conductor are prevented from becoming greater 
than those in a prior-art structure. 
[0082] In the embodiment of this invention, the wind- 10 
Ings on the stator 6 do not use any insulating film cov- 
ering the electric conductor which would deteriorate the 
heat radiation from the electric conductor. Although the 
electric conductor segments 61 are made of the bare 
metal members, the insulator 53 provides sufficient 15 
electric insulation with respect to the accommodated 
portions 61a. The bridge portions 61b are spaced from 
each others© that they can be prevented from Interfer- 
ing with each other, and that sufficient electric insulation 
can be provided therebetween. 20 
[0083] 1. In the embodiment of this invention, the electric 
conductor uses the approximately U-shaped segments. 
Thus, it is easy to provide the electric conductor with the 
stepped portions 61c. In addition, it is easy to process 
the electric conductor into a desired shape. The bridge 25 
portions can be made separate from each other without 
using any special jig. Thus, it is possible to remarkably 
reduce a manufacture cost. 

Third Embodiment 30 

[0084] Figs. 1 0 to 1 2 show a third embodiment of this 
invention. While two electric conductor segments are in- 
serted into one slot in the stator in the second embodi- 
ment of this invention, four electric conductor segments 35 
are inserted into one slot in a stator in the third embod- 
iment of this invention. The third embodiment of this in- 
vention is similar in basic structure to the second em- 
bodiment thereof. 

[0085] In the third embodiment of this invention, elec- 40 
trie conductor segments 7a and 7b approximately cor- 
respond to possible halves of the electric conductor seg- 
ment 61 in Fig. 7, respectively. The electric conductor 
segments 7a and 7b are electrically insulated from each 
other as follows. 45 
[0086] A U-shaped member Is halved into electric 
conductor segments 7a and 7b. The electric conductor 
segment 7a is located outward of the electric conductor 
segment 7b. The outer-side electric conductor segment 
7a has stepped portions similar in shape to the stepped so 
portions in the electric conductor segment 61 of Fig. 7. 
The inner-side electric conductor segment 7b is provid- 
ed with stepped portions attwo sides of a bridge portion. 
The stepped portions in the electric conductor segments 
7b are designed to provide sufficient insulating gaps in 55 
regions where the bridge portions are inclined and are 
adjacent to each other as crosses after the electric con- 
ductor segments 7a and 7b are inserted into slots in the 



stator. 

[0087] As shown in Fig. 11, two approximately S- 
shaped insulators 73 are arranged in each slot in the 
stator. The two Insulators 73 provide insulation in the 
slot. The portions of the electric conductor which are ac- 
commodated in the slots are subjected to an impregna- 
tion process to more firmly fix the positional relations 
among an iron core 72, the insulators 73, and the electric 
conductor segments 7a and 7b. Thus, the electric con- 
ductor segments 7a and 7b in the slots are surrounded 
by an impregnation agent 76. 

Other Embodiments 

[0088] While the electric conductor pieces in each slot 
in the stator are separated into the two electric conduc- 
tor groups corresponding to the Inner radial side and the 
outer radial side respectively in the first embodiment of 
this invention, more electric conductor groups may be 
formed. 

[0089] As previously explained, two electric conduc- 
tor segments are inserted into one slot in the stator in 
the second embodiment of this Invention. Four electric 
conductorsegments are inserted into one slot in a stator 
in the third embodiment of this invention. The third em- 
bodiment of this invention provides advantages similar 
to those provided by the second embodiment thereof. 
More electric conductor segments may be inserted into 
one slot in a stator. 

[0090] Afterthe impregnation process, insulating ma- 
terial may be applied to the bridge portions of the electric 
conductorto form insulating films covering the bare met- 
al wires in the bridge portions. 



Claims 

1 . An alternator for a vehicle, comprising: 
a rotor; 

a stator located so as to confront a radial-direc- 
tion outer side of the rotor; 

a fan located on the rotor and extending radially 
Inward of the stator; and 

a frame supporting the rotor and the stator, 

wherein the stator includes a stator iron core 
and a stator winding, the stator winding being pro- 
vided on the stator iron core and including a plurality 
of segment conductors, the stator winding forming 
two coil ends which project from two end surfaces 
of the stator iron core in axial directions respective- 
ly, 

wherein a plurality of joint portions including 
connections between ends of the segment conduc- 
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tors are arranged in a multiple-ring shape in one of 
the two coil ends, the joint portions being radially 
spaced from each other in radial directions, the joint 
portions being spaced at equal intervals in acircurrv 
ferential direction along one ring of the multiple-ring s 
shape, and 

wherein the frame has a plurality of openings 
in a radial-direction outer side of said one of the two 
coil ends. 



10 



15 



20 



25 



30 



2. An alternator according to claim 1 , wherein the rotor 
includes a Lundel-type pole core having a plurality 
of claw-like magnetic poles, and the fan is provided 
on an axial-direction end surface of the pole core. 

3. An alternator according to claim 1 , wherein circum- 
ferential-direction intervals between the joint por- 
tions are greater than radial-direction intervals be- 
tween the joint portions. 

4. An alternator according to claim 1 , wherein each of 
the segment conductors has a U shape with a turn 
portion, and the turn portion is located in the other 
of the two coil ends. 

5. An alternator for a vehicle, comprising: 

a rotor including a Lundel-type pole core having 
a plurality of claw-like magnetic poles; 

a cooling fan provided on an axial-direction end 
surface of the pole core for rotation together 
with the pole core; 



a stator including a stator iron core and a stator 35 
winding, the stator iron core being located so 
as to confront the rotor, the stator winding being 
provided on the stator iron core; and 

a frame supporting the rotor and the stator; 40 

wherein the stator winding includes a plurality 
of U-shaped segment conductors and forms two 
coil ends which project from two end surfaces of the 
stator iron core in axial directions respectively, the 45 
segment conductors including U-shaped turn por- 
tions respectively; 

wherein the U-shaped turn portions are locat- 
ed in one of the two coil ends, and ends of the seg- 
ment conductors are located in the other of the two 50 
coil ends; 

wherein the ends of the segment conductors 
are connected at joint portions which are arranged 
in a multiple-ring shape; 

wherein joint portions in a first ring of the mui- 55 
tiple-ring shape are spaced at equal intervals along 
a common circumference; 

wherein joint portions in a second ring of the 



multiple-ring shape are radially spaced from each 
other; and 

wherein the frame has a plurality of openings 
in a radial-direction outer side of at least one of the 
two coil ends. 

6. An alternator for a vehicle, comprising: 

a rotor including a Lundel-type pole core having 
a plurality of claw-like magnetic poles; 

a cooling fan provided on an axial-direction end 
surface of the pole core for rotation together 
with the pole core; 

a stator including a stator iron core and a stator 
winding, the stator core being located so as to 
confront the rotor, the stator winding being pro- 
vided on the stator iron core; and 

a frame supporting the rotor and the stator, 

wherein the stator winding includes a plurality 
of U-shaped segment conductors and forms two 
coil ends which project from two end surfaces of the 
stator iron core in axial directions, respectively, the 
U-shaped segment conductors including U-shaped 
turn portions, respectively, 

wherein the U-shaped turn portions are locat- 
ed in one of the two coil ends, and ends of the seg- 
ment conductors are located in the other of the two 
coil ends, 

wherein the ends of the segment conductors 
are connected at joint portions which are arranged 
in a multiple-ring shape, 

wherein joint portions in a first ring of the mul- 
tiple-ring shape are spaced at equal intervals along 
a common circumference, 

wherein joint portions in a second ring of the 
multiple-ring shape are radially spaced from each 
other, the second ring extending radially inward of 
the first ring, and 

wherein the frame has a plurality of openings 
in a radial-direction outer side of at least one of the 
two coil ends. 
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